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Abstract
In order to macro-forecast the conditions of the occupational safety all over China, this paper selects some
appropriate indicators of social and economic development and statistical indicators of the occupational safety. 
Besides, the internal relations between the occupational safety and the social and economic development are analyzed 
through the data in the past 20 years, and a prediction model is obtained by using gray theory and multiple weighted 
mean methods. Then the occupational safety of China over the next five years is forecasted. Compared with the
truthful data, it is concluded that this model has a high precision. Based on the model, the prediction and simulation 
system of the occupational safety is developed.
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1. Introduction
In recent years, with the constant improvement of the level of Chinese productivity, the increasingly 
enhanced government supervision over safety production and the gradually intensified public safety 
awareness as well as the further enlarged enterprise safety production investment, the condition of the 
occupational safety presents overall stability and shows a tendency to improve [1]. But compared with 
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other countries especially the developed countries, the situation of occupational safety in China is still 
quite severe.
The practical experiences of developed countries show that work safety is closely bound up with 
economic development, and the situation of economic development at a particular time decides that of 
work safety development at the same period to a certain degree [2]. By analyzed the internal laws between 
the occupational safety and the social and economic development, the systematical and deep research on 
economic and social factors that affect the occupational safety is performed. Then a relation model is set 
up through analyses to make short-run and long-run forecast about the occupational safety and an annual 
forecasting and warning simulation could be carried out. According to the simulation results, pertinent 
decision-making suggestions on work safety could be also put forward, so as to propose a theoretical basis 
for the policy making of work safety and provide technical support for guaranteeing safety.
2. The establishment of the prediction model
2.1. Selection of prediction indictors
According to the statistics data collected and analyses of these data, 9 representative statistical 
indicators of the occupational safety in China and major industries are chosen to predict and simulate the
occupational safety [3], as shown in Table 1.
Table1. The prediction and simulation indicators of the occupational safety
Types of indicators indicators
Relative indicators
mortality rate per 100 million GDP ,mortality rate per 100 thousand employment in industrial, mining 
and commercial enterprises ,mortality rate per 10 thousand road traffic ,mortality rate per 100 thousand 
road traffic ,mortality rate per million coal mine
Absolute indicators mortality of work safety accidents all over China ,mortality in industrial, mining and commercial 
enterprises ,mortality in coal mine ,mortality in nonmetal mine accidents
There are many indicators attributing the situation of social and economic development. On the basis 
of research achievements of the level of social and economic development at home and abroad [4], and 
comprehensive consideration of the age limit of sampled data and availability of the data, the social and 
economic indicators related to the occupational safety can be ascertained, with totally 7 types and 26 
indicators, shown in Table 2.
Table 2 Comprehensive evaluation indicators of social and economic development level
Types of indicators indicators
Indicators of comprehensive 
development
Gross domestic product(GDP),per-capita GDP
Indicators of social structure
primary industry, secondary industry, tertiary industry, the proportion of urban population in the 
total population, the total output of energy, output of raw coal, total amount of energy 
consumption, coal consumption, the total amount of social investment
Indicators population numbers of college students per 10 thousand, investment in education annually
Indicators of quality of life
the per-capita disposable income of urban residents, the per-capita net income of rural residents,
workers’ average wage
Indicators of social stability total employment, employment of primary industry, employment of secondary industry,
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employment of tertiary industry
Strength of government’s
safety supervision
terms of relevant laws and regulations on safety(laws and regulations on traffic, national laws 
and regulations on safety)
Indicators of road traffic
registered number of automobiles, highway mileage, volume of passenger transport, volume of 
cargo transport
2.2. The establishment of the prediction model
(1)The prediction model of the occupational safety influencing factors
The occupational safety influencing factors, that is to say, prediction of the social and economic 
development indicator adopts GM (1, 1) model [5].
These raw data which are given cannot be directly used 
for modeling. Therefore they are dealt with as follows:
Step one: Perform accumulated generating operation (AGO) once, obtain:
                          (1)
where, .
Step two: Construct accumulated matrix B and constancy vector YN, that is
                                            (2)
.                                                (3)
Step three: Solve grey parameters by means of least square method:
                          .                                                           (4) 
Step four: Insert grey parameters into time functions:
                                                                     (5)
Step five: Derive (1) and obtain:
or (6)
Step six: Calculate the difference between and , and their relative error e(t):
= - (t)   , e(t)= / (t).                                       (7)
(2) The prediction model of indicators of occupational safety
Currently, the prediction model of multi-factor widely used at abroad is the prediction model of 
multivariate regression analysis [6]. Although regression analysis shows good results when fitting 
historical data, the method requires significant correlation ship between independent variable and 
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dependent variable, and the correlation ship among dependent variables is very small. Thus, this method 
is only suitable to short-term prediction without high precision of the prediction results.
On this foundation, comprehensive prediction with multiple factors is proposed. Suppose data over the 
years of the influential factors x1, x2……xn and the variables needed to be identified y1, y2, ……ym as 
follows:
x1={x1(1),x1(2),……x1(i) };……xn={xn(1),xn(2),……xn(i) };y={y (1),y (2),……y (i) } (8)
Then a nonlinear equation with one variable between each and target variable is established.
                           y=f(x1),y=f(x2),……y=f(xn)                                                                      (9)
The model of Multivariate comprehensive means value method is:
. (10)
where, represents weighting coefficient corresponding with each economic indicator, that is :
                                                                                                                                    (11)
3. Systematic analysis based on a use case
3.1. Prediction of the statistic indicator value of the occupational safety
This system provides the data from 1990 to 2009[7]. The development trends towards the safety
production from 2010 to 2015 are predicted through the past 20years. Results are listed in Table 3.
Table3 Prediction of partial statistical indicators of the occupational safety from 2010 to 2015
Indicators 2010 2011 2012 2013 2014 2015
Mortality of national accidents 80511 79250 78026 76837 75684 74564
Mortality of accidents in indus trial, mining and 
commercial enterprises
11302 10928 10494 10031 9534 9069
Mortality of accidents in coal mine industry 2624 2525 2430 2339 2252 2168
Mortality per 100 ,000 workers in indus trial, mining 
and commercial enterprises
2.07 1.83 1.62 1.43 1.27 1.12
Mortality per million coal 0.801 0.642 0.515 0.413 0.331 0.266
Mortality per 100 million GDP 0.21 0.17 0.13 0.11 0.09 0.07
Form Table 3, it is concluded that in the next couple years the safe situation is still quite severe, 
however, overall speaking, it appears a tendency to reduce. Forecasting precision of this system is 
verified in the light of the statistical data of the occupational safety announced by State Administration of 
Work Safety in 2010, as shown in Table 4.
Table4. The comparison of safety indicators between predictive value and actual value
Indicators Predictive value Actual value Prediction error
Mortality of national accidents 80511 79552 1.21%
Mortality of accidents in indus trial, mining and 11302 10616 6.46%
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commercial enterprises
Mortality of accidents in coal mine industry 2624 2433 7.85%
Mortality per 100 thousand employment in industrial, 
mining and commercial enterprises
2.07 2.13 -2.82%
Mortality per million coal 0.801 0.749 6.94%
Mortality per 100 million GDP 0.21 0.201 4.48%
It can be obtained that, the errors between prediction value and actual value of this system are all less 
than 8%, or even lower, which meets the prediction precision requirements. All these data illustrate this 
system could achieve better results.
3.2. Simulation of the statistical indicators’ value of the occupational safety
A simulation of the statistical indicators’ value of the occupational safety in 2010 is performed by
using data from 1990 to 2009 and assuming different economic development circumstances. Assuming 
that compared with 2010, there is increase in some items to different degrees, and details are as follows: 
GDP increasing by 10%, the total number of employment increasing by 1.1%, the total output of energy
increasing by 9%, the total amount of coal consumption increasing by 12%. It is simulated that national 
safety accidents mortality, mortality rate per 100 million GDP, mortality in industrial, mining and 
commercial enterprises, mortality rate per 100 thousand workers in industrial, mining and commercial 
enterprises, mortality in coal industry, mortality rate per million tons of coal in year 2010, and the 
simulation results are shown in Table 5.
Table 5 Simulation results of statistical indicators’ value of the occupational safety In year 2010
Simulation indicators Simulation results
Actual values of the previous 
year
Change rate (%)
Mortality of national safety accidents 80625 93196 -3.09
Mortality per 100 million GDP 0.20 0.25 -20.16
Mortality in indus trial, mining and 
commercial enterprises
11267 11532 -2.3
Mortality per 100 thousand workers in 
industrial
2.09 2.4 -13.12
Mortality in coal industry 2583 2631 -1.83
4. Design of systematic function module
Establish corresponding databases after extensively consulting data of national statistical indicators of 
safety and of economic, as well as the implementation process of relative function. According to the 
system demand analysis and development target, the safety prediction and simulation system mainly 
includes data information management module, statistic analysis module, prediction and warning module
and safety simulation module. The systematic frame is shown in Figure 1.
Relative databases of each indicator are established by using SQL Server2005, In addition programs
are written by means of Visual Basic .NET 2005 and MapX Control, and the strategic decision and 
simulation system of the occupational safety is developed which has a friendly human-machine interface,
abundant illustrations and pictures.
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Fig. 1. Frame of strategic decision and simulation system of the occupational safety
5. Conclusions 
(1) The system comprehensively collects indicators of social and economic development and all kinds’
data of safe production accidents throughout the country. In addition, databases of indicators of social and 
economic development and statistical indicators of the occupational safety are established.
(2) Compared with the actual data of safe production statistical indicators in year 2010, corresponding
mathematical model is set up. And the existing actual data are successfully simulated with high prediction 
precision.
(3) The strategic decision and simulation system of the occupational safety is developed, which 
consists of data information management module, statistic analysis module, prediction and warning 
module and safety simulation module. Besides, the software has a friendly human-machine interface, 
abundant illustrations and pictures. It could also provide a scientific policy-making method for the 
occupational safety in China.
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